Introduction
I t has been established th at the soft component of the cosmic radiation consists of electrons and photons. Much experimental data on the electrons forming the soft component are available and they are known to form a fraction of about [25] [26] [27] [28] [29] [30] % of the whole beam of ionizing particles a t sea level, excluding particles below 107 eV (e.g. Rossi 1933; Nielsen and Morgan 1938) . The energy spectrum of the electrons is known roughly from the work of Blackett (1938) , Wilson (1939) and others. The energy loss of electrons in metal plates has been investigated by Anderson and Neddermeyer (1934) , Blackett and Wilson (1937) , Williams (1939) , Wilson (1938 Wilson ( , 1939 , showing th at the experimental values of the energy loss are in agreement with the prediction of the quantum theory (Bethe and Heitler 1934) .
Much less is known about the photon component of cosmic radiation, as comparatively few experiments have been carried out to investigate their properties. Further the results of the investigations available are partly contradictory.
The theory of the absorption of high energy photons has been worked out to the same extent as for electrons (Bethe and Heitler) . Owing to the lack of experimental material, the theory could be tested only up to energies of about five million volts (McMillan 1934; Gentner 1935) . The success of the theory of cascade showers due to Bhabha and Heitler (1937) and Carlson and Oppenheimer (1937) , based on the Bethe-Heitler theory of electrons and photons, provides however an indirect test for the validity of the absorption formula for high energy photons.
The lack of experimental data on high energy photons is due to the difficulties in the method of observation; photons unlike electrons cannot be observed directly.
The experimental arrangement is shown schematically in figure 1 and the dimensions of the counters and of the screens are given in table 1.
The counters were made of pyrex glass, with a copper foil 0-1 mm. thick as cathode and a 0-1 mm. tungsten wire as anode, and were filled with a mixture of argon and alcohol vapour.
F ig u r e 1. T he ex p e rim en tal arra n g e m e n t. 
Threefold coincidences between.
B C, D, and fou between A, B , C , D , were recorded simultaneously as described in detail by one of us (Rossi 1930) . Each of the counters or counter batteries U andD were coupled respectively to the valves a, b, c and d. The anodes of the valves 6, c, d were connected in the usual way and received the anode potential through a common 200,000 Q resistance Rv The anode of the valve a was connected through an extra resistance of 70,000 Q to the anodes of the other valves. The pulses occurring at that end of R2 which was connected to Rx were large whenever A, B, C and D discharged simultaneously, whilst a simultaneous discharge of B, C and D, not accompanied by a discharge of A, produced a smaller pulse at this point. By means of two thyratrons with different grid biases the large and the small pulses could easily be separated.
Since the resolving power of the arrangement was about 10~4 5 sec., the number of threefold or fourfold chance coincidences was less than 1 in 10 hr. and was therefore negligible. The efficiency of the counter battery A, as shown by control experiments, was at least 99 %.
The experimental method
The principle of the experiment was to detect the electrons generated by photons in a metal plate. The experiments will be discussed assuming th at no non-ionizing agent other than photons occurs to an appreciable extent. It will be seen th at the results are consistent with this assumption although the existence of a small fraction of other non-ionizing rays cannot be excluded.
As can be seen from figure 1, the counter battery A covers the whole solid angle subtended by the counters B, C, D. Thus eac passing through B, C and D must have passed through A as well unless (a) it is produced by some non-ionizing agent between A and B, or (b) it is scattered by s. Process ( b) seems in our arran importance. In the present experiments we are therefore mainly concerned with threefold coincidences B, C, D which were not accompanied by a fourfold coincidence A, B, C, D. For brevity threefold coincidences not accompanied by fourfold coincidences are to be termed " anti-coincidences " . In an experiment of this kind it is essential to count simultaneously the number N3 of threefold coincidences and the number N4 of fourfold coin cidences, since the average fluctuation of the small difference is *J(N3-N4) for the case of simultaneous recording, whereas it is when N3 and N4 are measured by separate observations. The disturbing effect due to variations of the cosmic-ray intensity is also greatly reduced by simultaneous recording. Measurements were carried out with no absorber above the counters A and an absorber of variable thickness between A and B in position s. The various thicknesses of absorber s were placed so th at the upper surface was always as close as possible to A.
The experimental results are collected in table 2 and the observed rates of anti-coincidences together with the statistical fluctuations are plotted against the thickness of the absorber s in figure 2 . A zero rate of 1T 4 anticoincidences per hour has been subtracted from each value (see § 5 a).
On the jphoton component of cosmic radiation R a te p e r h o u r 6-9 ± 0 -9 33-1 ± 1 0 41-6 ± T 5 4 T 0 ± 1-1 35-4 ± 1 0 26-9 ±1-1 18-4 ± 0 -8 5-4 + 0*6 F ig u r e 2. T he tra n sitio n effect for show ers in itia te d b y p h o to n s. ^ observed.
-----ca lc u lated for EJE'2 sp ectru m .
-calcu lated for sp ectru m (E> E C ); 1/E sp e ctru m (E< EC ).
Without any lead at s, 18*3 anti-coincidences per hour were recorded. The lead screen s increased the number of anti-coincidences considerably. This increase was obviously due to photons generating Compton or pair electrons in the screen s and so starting showers hitting the three counters underneath. The points given in figure 2 represent therefore the transition effect of showers generated by photons.
The anti-coincidences observed with no lead do not represent the " true zero effect" because some amount of m atter was always present between the counters A and B (the walls of the counters themselves plus 6 mm. wood and 0-5 mm. iron of the framework of the apparatus). We estimated this amount of m atter to be roughly equivalent to 0*1 cm. Pb and added, therefore, in the first column of table 2, 0-1 cm. to the actual thickness of the lead screen s. The assumed zero rate of 11*4 anti-coincidences p will be justified by experiments to be described later. The zero rate was due mainly to showers coming from the side, i.e. to air showers not com pletely cut off by the lead walls (see figure 1 ) and to knock-on showers generated in the lead itself by penetrating particles. As already mentioned the lack of efficiency of the counters could not account for more than 1 % of the anti-coincidences, i.e. four anti-coincidences per hour.
As it is unlikely th at the zero effect can be altered appreciably by varying the lead screen s, it can be regarded as a constant background of the tion curve.
(6) Discussion of the observed transition effect
The transition curve obtained with the arrangement described above is very suitable for comparison with the theoretical transition curve. This is so, since a fairly accurate estimate can be obtained for the probability th at a shower of a given size emerging out of s will give rise to a coincidence. The expected transition curve was calculated from the cascade theory on the following assumptions:
(1) The showers recorded are due to single photops hitting the absorber s. Photons accompanied by electrons do not give rise to anti-coincidences and the probability of two or more photons coming together without being accompanied by electrons is small (see § 5 (6)).
(2) Electrons of energy less than 107 eV (i.e. the critical energy for lead) are neglected. This assumption is justified since most of these electrons are stopped by the material between the counters and the counter walls (total quantity 2 g./cm.2).
We will work out the probability th at a photon of energy E hitting s will produce an anti-coincidence. For simplicity we assume th at the average angular spread of a shower produced by a photon in is and th at the shower particles are distributed at random inside Q. The solid angle covered by the counters D as seen from a point inside B we call oj and we suppose w<^Q. The probability th at a photon of a given direction produces an anti-coincidence is, according to the above assumptions, 
We see from (2) th at for small showers P(E,x) is independent of the value of Q. For large showers we can put, as a rough approximation, Q = 27T. Showers containing many particles however are produced by very energetic photons only and are very rare. Our results therefore cannot be affected appreciably by the above assumptions concerning big showers. The effect of big showers is especially small for the first part of the transition curve. Putting o) / 27t =0 -035 (obtained from the dimensions of the counters arrangement) we have a)/2nN <0-1 up to light quanta of according to the numerical values given by Arley.
From (1) we get for the number of anti-coincidences at the thickness
The function N(E,x) for photons has been recently calculated by Arley.* Therefore P can be regarded as a known function of E. Theoretical con siderations seem to indicate that the differential spectrum of photons is roughly of the following form (see Heitler 1937 , Nordheim 1939 
We evaluated (3) by numerical integration, using the spectrum given in (4) and taking Ec = T5 x 108 eV. The values obtained for T(x) are plotted in figure 2 . The full line corresponds to the spectrum with while, the broken line corresponds to the spectrum with a = 1.
The intensity factors have been chosen so as to give the observed intensities for the maximum, i.e. anti-coincidences per hour.
The agreement of the calculated curve for the spectrum given in (3) for c l = 2 is as good as it can be expected. Hence it is concluded that both the * W e are in d eb ted to D r N . A rley for h av in g k in d ly co m m u n icated th e u n p u b lish ed n um erical results.
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assumptions about the shape of the energy spectrum and the results deduced by Arley from the Bethe-Heitler theory are a good approximation to the facts. On the other hand, the transition curve calculated for the 1 spectrum (i.e. for a -1) differs markedly from the observations.
The total number of incoming photons can be estimated from our observations. The initial rise of the transition curve is only slightly affected by the shape of the energy spectrum, since, for small values of x, N varies very slowly with E. Thus the factor required to fit the first slo calculated transition curve to the observations gives the total photon flux. According to equations (1) and (3) the average number of anti-coincidences recorded per photon with an energy greater than 107 eV is given by
t(x) -T(x) If p(E)dE.

I J 107 eV
Assuming the spectrum has the form given in (4) and a = 2, one finds for x = 0*8 cm. Pb <(0-8) = 0-89.
Since from table 2 the observed number of anti-coincidences per hour is T(0-8) = 41-6, along straight lines passing through the counters B, C and D. The corre sponding number of ionizing particles is 450 per hour (table 2) . Thus the number of photons with energy greater than 107 eV is 47/4 5 0 = 10-5% of the number of single particles. Using the spectrum (4), a = 2, we get table 3.
(c) The total intensity of photons we find This is the number of photons with energy greater than 107 eV travelling Table 3 E n e rg y in te rv a l in eV The above estimate represents a lower limit for the actual number of photons for it does not include those photons which are accompanied by at least one electron within an area of 600 cm.2, i.e. photons occurring in the denser parts of the extensive air showers. Moreover, some photons are certainly missed because of shower particles scattered back from the lead screen s, towards the counters A.
The absorption of high-energy photons (a) Experimental results
In order to determine the absorption curve of cosmic-ray photons, measurements were made with a constant amount of lead in position s (figure 1) and different screens above the counters A (position S). The measurements were carried out with 0-35 and 2*0 cm. of lead a t s.
A photon hitting the screen S can (a) traverse the screen unabsorbed, (6) produce a Compton electron or an electron pair. Case (a) is exactly the same as if the absorber S had not been there at all, and the chance of recording the photon as an anti-coincidence is the same as it was without the absorber S. In case (b), however, a shower is started in the screen S. This shower may or may not emerge from S, but if it does it is very im probable th at the counters B, C, D are discharged without one of the counters A being discharged as well. Thus the decrease of the number of anti-coincidences due to Si s a direct measure of the probabi photon is removed by pair production or Compton scattering.
As the probability of a photon traversing 5 cm. of lead with no encounter is extremely small, the frequency of the anti-coincidences observed with 5 cm. of lead in S is to be considered as the zero effect due to showers coming from the side and similar disturbing effects. The zero effects amount to 10*3 coincidences per hour for the observations with 0*34 cm. Pb at s and to 12-0 for the measurements with 2-0 cm. Pb at s. The differ ence of the two zero effects is not outside the statistical fluctuations. Nevertheless, since the possibility of a systematic difference cannot be excluded, the individual values for the two sets of measurements were preferred. The zero effect used in the discussion of the transition curve was the mean of the two values.
The results of the two sets of measurements are given in tables 4 and 5. The results of the absorption measurements in lead are given graphically in figures 3 and 4, where the logarithms of the observed quantities (after the subtraction of the zero effect) are plotted against the thickness of S in cm. of lead. The full lines represent straight lines fitted with the method of the least squares to the observations. The broken lines give the slopes expected according to the theory of Bethe and Heitler. Observations were also made with 1-0 cm. Fe and 6-3 cm. A1 to compare the effect of different elements.
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(1) Multiple photons striking 8 . Let us suppose the absorption coefficient of a single photon to be p .When n photons hit S simultaneo tion of the number of anti-coincidences with S corresponds to an absorption coefficient np. This is due to the fact th a t anyone of the photons h independently a certain chance of producing an electron which can pass through A and prevent the anti-coincidences. An estimate of the density of air showers however suggests th at this effect cannot give rise to an appreci able correction to our result. This can easily be understood since photons accompanied by electrons cannot give rise to anti-coincidences. Thus the denser parts of air showers where there are more than one photon in an area comparable with the surface of will also contain electrons and so will not be recorded.
The following experimental test showed too th at the effect of multiple rays could not be appreciable. A lead absorber of 1*4 cm. thickness covering only half the area of 8 was brought above the counters A . In case of single photons such an absorber ought to reduce the intensity by a factor Re-^1'4 + 1) = 0-63, where p is the observed absorption coefficient. Since the observed reduction was (64 + 5)% the photons must be nearly all single. If multiple photons were present the observed reduction would be larger.
(2) A single electron is stopped in S by the emission of an energetic light quantum. This light quantum may escape out of S without producing a secondary effect and so may give rise to an anti-coincidence by absorption in s. I t seems very difficult to evaluate theoretically the correction due to this effect, but it is unlikely to be important for the absorption curve with 2-0 cm. of lead at s although it may have some effect on the absorption curve with 0-35 cm. Pb at s. We intend to carry out at a later date an experiment to investigate the correction arising from this effect.
(c)
Comparison of the observed absorption curve with the theory The absorption curve is given theoretically by the following expression A {X) = P(E x) e~AE)x the functions P(Exx) and p(E) having been defined in the previous section ( xis the thickness of the lead screen where the showers are produced and X cm . P b F ig u r e 3. T he ab so rp tio n cu rve of cosm ic-ray p h o to n s. s = 0-35 cm. P b .
• o b s e rv e d ,-----calculated .
the thickness of the absorbing screen S). We have evaluated the expression (5) numerically for x = 0-35 cm. Pb and x = 2-0 cm. Pb using the values for p(E) given by Bethe and Heitler (see Heitler 1936) . The results for lead are represented graphically in figures 3 and 4 by the dotted curves.
It appears from the calculations th at the theoretical absorption curve A(x) is almost exactly exponential. The reasons for this are th at the absorption coefficient of photons in the high-energy region varies only very slowly with the energy and th at most of the observed anti-coincidences arise from a rather narrow band of the photon spectrum. As it can be seen from figures 3 and 4 the observed absorption curves are also closely ex ponential in form. The theoretical and experimental absorption coefficients are compared in table 5.
cm . P b F ig u r e 4. T h e ab so rp tio n cu rv e of cosm ic-ray p h o to n s, s = 2-0 cm . P b .
• o b s e rv e d ,-----ca lc u lated .
The absorption coefficient in lead found with s = 2*0 cm. of lead is in good agreement with the theory, while the absorption coefficient with < $ = 0 3 5 is rather smaller than the calculated one. This deviation may be partly due to the effect of electrons stopping in S as discussed above. The observed absorption coefficients in Fe and A1 seem to be both somewhat larger than calculated. On the whole, however, the agreement of observed and calculated values is satisfactory.
Conclusion
The cross-section for pair production by high energy photons has been measured and was found to be in agreement with th at predicted by the theory of Bethe and Heitler for energies of about 1-5 x 108 eV. The dependence of the absorption coefficient on the atomic number was found to be in fair agreement with theory for lead iron and aluminium absorbers.
The shower transition curve has been obtained for photon-initiated showers in lead. The result indicates a photon spectrum as given in equation (4 ), and confirms the conclusions of the cascade theory as extended by Arley.
The present experiments do not suggest the existence of non-ionizing particles other than photons. We estimate that if such non-ionizing particles occur at all in the cosmic-ray beam they did not produce more than about 10 % of the anti-coincidences at the maximum of the transition curve.
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Summary
Photons unlike ionizing particles cannot be observed directly with counters. Owing to this difficulty very few investigations dealing with the photon component of cosmic radiation have' been carried out. In the present paper a simple method is described which is suitable for the observations of cosmic-ray photons. The transition effect of photoninitiated showers in lead has been measured. The result is in agreement with the prediction of the cascade theory of Bhabha and Heitler as extended by Arley. The absorption coefficients of cosmic-ray photons have been measured in lead, iron and aluminium, and they agree with the theoretical values as given by Bethe and Heitler. The lower limit for the total flux of cosmic-ray photons above 107 eV has been found to be 10% of the ionizing component of the cosmic-ray beam.
